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ABSTRACT.

Dry filter paber has been shown to serve as an
adequate collector of particulate matter from the air as
the basis of a nonitoring device. An ion chamber is
arranged to rececive alpha particles from the collected
active material as air is pulled througsh the paper. This,
together with the associated eleotronic circuit with a
neter to read the accunmulated activity and an alarm buzzer
to warn when a certaln level is reached, is known as the
"Sneezy" product air monitor. The collection of short-
lived emitters along with product particles has been shown
in prelinminary tests to produce less ionization than that

due to a dangerous level of prodﬁct concentration.

formacion lfecting the nactouad
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PRODUCT DUST AlID ALRROSOL [IONITORING PROGRISS REPORT.

Alfred Pfanstiehl.
July 18, 1044.

I. OVIRVILW.

The developrient of "Sneezy" to monitor for particulate
alpha active dusts and aerosols involves a study of filtor papcer
efficlency and short-lived activity which is collected along with
the dangerous long-lived product. This work, although not com-
pleted, will be summarized as well as the associatod electronics

developrient.

"Sneezy" is an adaptation of the same lon chamber arrange-
ment which has proved successful in the "Pluto" surface alpha con=-
tanination indicator. It combines both high and low level continuous
ronitoring. First, it collects and integrates the particulate
natter from the sarne air brcathed by the protected personnel, and
in the event of an accident sounds an alarm when it has "inhaled"

a certain small fraction of what is considered a lifetime dose of
product; and second, 1t provides papers which can be counted in a
special alpha chamber as a daily check on the general level of air
contamination for long-term safe werking conditions. :

: This report will review the original problem put to the
Instrument Scction; glve the roasoning and mathematics behind the
development, with some special notes on fllter paper action and
data on observed short-lived alpha activity; and describe the
instrument and the present knowledge of 1ts sensitivity and opera-

tional factors.

II. REQUIRELIIITS.

In the original request from Site "Y", two types of in-
struments were thought necessary: one to warn definitely that an
acecident had occurred whereby the level of product contamination
in the alr had reached 0.05 alphas/sec/cc. and the other to in-
dicate when the general level exceeds 5x10-6 alphas/sec/cc. (See
appendix for calculations by which these figures were obtained.)

Since the low level figure is in the same ionization range
as that of cosmic rays and the natural short life alpha emitters
(radon), somc means of collection and concentration of the product
is obviously called for. The time factor is relatively unimportant,

as the check need be only on a daily basis. _ }
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Tie high level, however, requires continuougs nonitoring.
The original idea was to have an instrument sound an alarm if
sone accident caused the concentration to rise to 0.05 alphas/
sce/ce., at which 4 man could et a "lifetime dose" in one-half
aour. Calculations showed this night possibly be done with a
10 liter chamber. That this would be inadequate was readily
apparent; what if the level was only one~half of this? A man |
might get over his "lifetime dose" in several hours and not know
it until the results of the periodic {perhaps daily) low levecl
check were in. Continuous intcg ration and indication of the total
accurmulated activity is clearly necessary, with an alarm set to
;0 off at a certain level. Then, by noting the rising speed of
the activity, the worker can juage the actual danger present and
act accordingly. If he sees the needle rising noticcably fast, his
irmediate exit, while holding his breath, would be required.

The "lifetine dose" and "tolerance" calculations, given in
the appendix, are quite hypothetical but rcpresent an agrcement
at lcast in the general order of magnitude, of the workers in this
field. The sensitivity of "Sneezy™ was designed to exceed these
tentative levels by a clecar margin. A thorough testing program
is in progress, and from the preliminary results it appears that
to date this is the best product air nonltorin instrument in

aevidencee.

III. CCLLICTION METIODS COLSIDERLD.

tefore deciding on the use of filter paper as a collector,
these methods were investigated and re¢jected for the rcasons given:

l. Llectrostatic precipitator. There is little real evidence
of the erficiency ol this method, particularly for the smaller sized
particles., The powerful clectric field certainly scts up forces,
"electrical wind", tending to drive out the dust, but tests show
that at practical rates of air flow much material can be mlsscd.

The corplications of high voltage supply, careful design and opera-
tion, and the infeasibility of comblﬁin the continuous rcading,
integrating warning instrument with the low lcvel indicator ruled
out this method. It is the opinion of Dr. Rodcbush, of the IIDRC,

Pro ject rlO, and of Dr. liodge, of the Rochester Project, both of
whom have been working with dusta and filtcratlion problems for some

- time, that the electrostatic precipitator is generally not as efficient

as filter papcr.

2. Thermal preccipitator. This is apparently still a labora-
tory device, uselul only in taking oub particles for size and dis-
tribution deternminations. The rates of {low usecd arc only several
cubic centimeters per minute, which irmicdiately rules it out, unless
o faster collector could be deviscd.

3. Impinger. Long used in industrial dust mcasurements, the
impin;er ha§ delinite limits on the particle sizc cecllccied, and does.
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Not concentrate the matter from large volumes of air. However,
recent developments have greatly improved this principle by using
rubber disphragme, etc., and the suggestion has been made to comblne
an impinger and a flourescent screen upon %hich actual scintilla-
tions might be counted. This has not been tried as yet.

4, Liquid bubblers. Respiratary project work has shown that
efficient dust removal can be achieved if fime sintered glass discs
and specilally developed bubblers are used with known solvents for
the particles in question. But a chemical method, requiring re-
peated tracer quantity analyses, does not sound encouraging, nor
does it seem possible to have continuous moni toring. '

5. Activated absorbers. If fumes are involved In the
moni toring problem, we can beneflt by the comprehensive work al-
ready rerformed on activated charcoal and other absorbers in the
war gas protectlon projects.

TV. FILTER PAPILR

Most of thse hesitation to accept dry filter paper as an
efficient dust collector is based on a false picture of its action.
The mechanism of filter action has been thoroughly investigated by
scientiats who have developed the current combat gas masks in
government projects. Dr. Rodebush;, at the Unlversity of Iillnois,
{nforms us that generally the collection efficiency increases as
the particle size becomes smaller, even down the order of 0,01
microns and less. With the new fine fiber papers, in the range of
0.05 to 1 micron the stopping power goes through a minimun, end
for larger sizes, practlcally complete filtratlion 1is effected.
Total efficlencies are often over 99%., This rather surprising
function is explained as follows:

_ 1. Only the largest particles (50 microns and more) are
stopped by sieve actlon, which is of little importance.

2. Smooth, streamlined air flow around each fiber of the
paper is shown to be the case at normal rates of flow.

3. The momentum of particles down to about 1 micron ls such
that they tend not to follow the curved path of air around each
fiber, but to continue in their straighter paths to strike a fiber.
It appears that surface forces exceed gravitational forces, so all
particles that actually strike a fiber, adhere to it.

4, In the critical range, the particles uo tend to fellow
the stresmlines around the fibers, and, therefors, are less effect-
ively stopped. This is in the range of about ¢,5 to 1 micron dismeter.

5, The smaller particles are subject to Brownian movement
which drives thew out of the alr stream and on to the nearest riber,
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P hecorie involved. :
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. pseial papers, wmade of newly ceveloped ecxbremely fing rayon,

Sne
asbastos, and other fibers, are beling manufactured for gas mask
0 1er - & , : ,
usc. -well over 99, of all particulate nmaberlal can be renoved
with several layers of these papers, which arc rather lizhtly
compreszed for low air resistence.’ N T

"~ pur problem does not concern air resistance, but rather with
~ the location of active particles in the paper structure and the -
degrse of absorption of tha'alpha‘particles;*ispecial}hﬁfd%rinished
papers nade of the new fine fibers {1 micron and less diamoter) .
have been ordered. These will undoubtodly incroase the efficiency,
for the papor in use now 1s the standard Whatman 50, a hard finish-
od ecllulose paper wlth fibers of about 20 or 30 microns diameter. -
This paper has been tosted (on Dr. Rodebush'sfstaﬁaardizédfequip-f'
- ment) for particl ‘of about 0.05 microns, where the retention was

ughly 507

- o learn how well tho alp cles "1irc
‘erbodded in the paper may be measured, and to see wh
. the natural radloactivity might have, a serics of .
. were made. . For each test, tr co, -time, flow rate
 yolwno of air pulled through tho paper were recorded.
- .abo tﬁloooylitars'were'filter¢d,&t‘Siliters‘ﬁeriﬁin*
_paper 4.25 cm. diameter. This corresponds to a linea
of about 4 cm/soc. which is within the range of lin
‘the. .
iltor paper

TFor each test, the placo,:t

in other studics of filter paper and.

. Pigures 1 and 2 show one of tho simple iltcr pape
. flow meters usod. -The paper §iamot9r;ygs“¢ho$en'g standa ST
 available size that would fit in the roguler alpha chambers used -
“4n tho analytical work. . Whatrman 50 paper was found o have the
lowest back round count and was the hardest finish : lable.

. pust samples were taken in various laboratories of the lew
- Chemistry building and also in other buildings where no product
or other radiocactive chemistry was performcd. Often tuo papors
were run in parallel fron the same punp. The papers were put in
an alpha chamber and counted irmediately at the end of the collec-
tion period. Ten minute counting pcericds were generally used be-
causo of the low counts. The docay curve was followed in many of
the tosts. A numbor of days alter the collection (when thc sus-
tained activity had been established) each paper was chenically
digested in nitric acid and a lanthanun flouride coprecipitation
perforned to scparate out the product, - if present. This chenical
analysis was carcfully choeked with kxuwwm tracer quantitlcs and

parallel blanks with cach set of papers.
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The results of this worlk ls summarized as follows:

1. Two.clear dedéy periods are evident In nearly all
of the tests.

Fast: - About 30 to 60 minute helf-life which
usually carries activity dowm to about 10%
of the initial activity in 2} hours,
leveling off at about 5% in 5 hours.

Slow: 1l to 3 days half-1life, carryling activity on
down to permanent level in 4 to 6 days.
(Further decrease in activity may be due to
the handling of the papers.)

See T'lgure 3, and 1its key, for examples of these curves.

2. The initial activity (at O time, when collection 1s
stopped and counting begun) seems to depend somewhat on the
location of the test and perheps the weather. Parallel tests
on the same days show excellent duplication, but tests of equal
quantitles of air in the same rooms on A fferent days are
widely divergent. Thls initisl, fast-decaying alpha activity
could be dque principally to Re A (3 min.) and Ra C (19.5 min.),
with Ra B (26.8 min. beta) determining the main decay rate. .

' In the non-air-conditioned rooms when these tests were
made, initial counts in the nel ghbarhoed of 300 ¢/min. for 1000
liters were occasionally fqund. This 1s equivalent to 5 x 10-6
alpha/sec/cc, which is 10”2 of the calculated high level danger
point of product contamination. lost of thg tests showed much
lower initial activitles--usually about 10™° alvha/sec/cc.

3« Permanent actlvity apveared in a few of the tests, and
was attributed to the product collected. There was no correlation
between the permanent and the iInitial activities and 1ts sporadic
occurrance indicates that the product dusts are quite localized
in space and time, and do not diffuse to a general concentration
in the air.

4. The chemlcal digestion and separatlion of the product
indlcates that a direct count from the naper is well within the
correct order of magnitude. Corrections for loss in the chemical
work were made with known tracer quantities, yet in the 8 pavers
found with sustailned activity, the digestion process yielded up
to 40% less count. Perhaps some of the apparently "permanent"
activity was due to other relatlvely long-lived emitters, since
the product coprecipitation is qulte selective. All this werk
was necessarily on a tracer scale, where quantitative results
are difficult.

5. The data on 60 tests breaks down ss follows:
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Initial Asctivity {extrapolated tc O time--thc end of the
colleetion period, long 1ife activity
subtracted, and count normalized to
thiat for 1000 liters air.)

In Product Labs. |
(Total Tests =45):

¥

In Other Places-
7o Contarniination.
(Total Tests =10}

In Hallway and ghop
Previously Uscd as
lletal Storeroon.

(Total Tests =5)
IIwber Humber Tumber
of  “Yiin. of «/iin. of o(/11in.
Tests Tests Tests
10 0-20 1 0-20 6 0~-20
8 21-40 0 21-40 3 21-40
6 41-GO 0 41-60 1 41-G0
S . 61-80 0 61-80 0 61-80
6 81-100 0 81-100 0 81-10C
10 100-600 4 100-600 0 100-600

sustained Activity (after 5 days) and recsults of digestion

and co-precipitation.

Long; life activity occurred only arong those tests nade in
labs doing product chemistry. All others decayed to 3 c/min
or less, with counbts after digestion also 3 or less. Lach
of the 38 tests with long-life activity is here reviewed. A
"gzeometry" of 25¢ has been assumed for the & /sec/cc and

the curies/cc calculations.

llote:

| »
iAir wlow | Total %/Hin. Direct Wymin. W/sec/cc Equivalent |Remarlis .
i Rate Liters From Paper After at 257 curies/cc. {
éLiters/ of Air Alter Di- Geonzetry. g
i llin. Flltered. ! Five Days. ‘zestion. |
t {
\ H
L3 1350 88 77 3.9x10"6 [1.1x10~16 |parallcl
! 450 21 20 5.1x10-6 {3.4x10-17 Test |
: z
i 3 990 450 - 5.0x10-5 |8.4x10-16 Highcsti
F Oun d ” i

2.5 775 13 7 1.1x10-6 |3.0x10"17 |parallel
2,5 775 28 20 0,4x10°6 |6.4x10"17 | Test
3 1505 8 7 4x10-7  |1.1x10"17 | |
2 860 8 | 5 lex10"7  |1.6x00717 j
L3 990 17 Pl ' 1.1x10-6 ! 3.0x10-17 ° |
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Further work is planned olon;; these lines with the new
papers and with a variety of alpha active dusts undecr nore
controlled conditions. The prescnce of a falr amount of city
dust, for cxample, waich definitely collectcd on tne ton sur-
face of the paver, nay nave affected tiic rosults; the building
was not air-cleaned when the tosts were run.

The indications at precsent are excellent that a sensitivity
well within the probable degree of question of the tolerance
calculations has becen achicved, even with the definitely inefflcicut
ordinary papers now used. Thc new papers will have rmch faster
air flow and Jreater rectentivity. (For morc details on the vorlk
by Dr. Rodcbush, see the report WPJ-24, llay 27, 1944, which has

llc Chicago Laboratory Library Numbor N-1172.)

V. "SHLLZY" CHAIDDLR.

The chanber is a simple open screen ion chamber mounted
directly in front of a 12.5 cm paper through which tho air is
pulled. It is connccted by a hose to the pump and by cablecs
to the chassis containing the power supply and amplifier, and
can bo placed in any position where it can "inhalc" the sane air
as the personnel, or in the ventilation exhaust ducts. In the
figure is shown a cross-section sketch of its design:

ield
Catech Screen.
pd

Case {(Grounded)

?_/ Charber
Support Q/ .
Sereen : ' Wwire Ring Collccting
P - Ilectrode.
Fllter A -
Paper. |

T _ Tigh Insulation.

HeVa+ 250V

Air inlet slots around the wall of the external cylinder
are located at the screen's edge (See Figurc 4). ‘Yhus, active
dust particles arc collccted on the paper, where a portion of
their alphas can trsvel into the ionization chamber. The re-
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latively negntive collecting ring attracts the positive ions
formed, and this current is mcasured as the voltage drop
across a hijh resistor to g round.

VI. "sumoay “I“LUIT,

Sinplicity and dependability, together with the maximum
practical sensitivity wore the considerations in developing the
circuit used. /ith the use of careful dryin;; and high insula-
tion varnish on the input switch, resistor, tube, and socket,

a 1011 olm resistor can be uscd on the input. The voltage de-
velopod by the ion current thfouoh this resistance is on the

3 prid (lowest ;pid currcnt) of a 959 tube, whosc plate is
directly coupled to the ;1 grid of a 1A5. A 0-100 microampcre
neter is used as a voltmeter to read the change in plate voltage
of this tube, which is then a {function of the chamber ion current.
A 065J7 tube operates the alarm relay at any desired level. The
rest of the circuit consists of a regulated power supnly and the
necessary adjusting potentiometers. A scnsitivity checl: input
is provided by wiilch a veoltage between O and 1 volt nay be used
to roplaco the chamber and rc31stor° nhe only extcrnal controls
are a "SLT" and "RiZAD" switch, a "ZIRO SET and a "RLLAY Su"
The voltage sensitivity of tnis anpllfier is in the nelbnbornood
of 0.6 volts full scale.

See the appendix for a calculation of the required ion
current and resultant genSLt1VLty to alpha activity. Docvelopuent
details are contained in the Report ,CP-1002 by V. Hinch. Ilanu-
facturing details on this circult may be obtained from Report
AD-50234, Ingineering Group, llay 29, 1944. Several small changes
have been made since this date, however. This circuit has not
proved as stable as one might wish, and a new circuit, using more
recent tubes, is in the devclonmeqt stage.

VII. OPIRATIONAL INOTES.

The placemcnt of the collecting head and chanmber is a matter
requiring niore exporience. Indications so far have been that
product contamination is a highly locallized condition rather than
a general concentration at a definite level. It appears that a
centrlfuge, a funing beaker, or a dry transfer, for instance,
may releasc a considerable amount of product dust in the air which,
if in particlecs upward of 1 micron in size, would rather quickly
settle out and adhere firmly to the bench tops or floors. Snaller
particles would tend to remain air-borne and thercflore constitute
the najor problem. This iIs in accord with Stokes law of fall.

It is obviously important that the "Sneezy" chanber be
piaced in the places where the highest possible contanination is
encountered in the air breathed by the personnel. It will pro-
bably alwvays be possible for a man %o ot a concontrated whiff
of dust that "Sncezy" MlSSSo, or vicc-versa, but this chance rmust
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be rinimized. Ventilation exit ducts weuld appcar to be good
places, also. '

Open flunecs, stean, and conmon dust will occasionally cause
ionization in the chanber. /eather conditions also seer1 to effect
the readings someviiat. These elffects have not been noted to
aprroach the alarm level, however, and are always temporary.
sorie natural activity is also accurmlated in long; runs, but this
also has not risen high enough to operate the alaru. -

A daily routine should be established of changlng the papcr,
checking; the zero set, performing a quick check on amplifier
gsensitivity with a battery volt-box, and checking the chamber
insulators with a standard uraniul source placed in licu of the
paper. (Dust or moisture on this insulator could reduce the
sensitivity of the instrunent.) <he papers can be allowed to
decay for about 24 hours or nore, il necessary, and then counted
in a special alpha chamber, as being developed at Chicago. DPeor-
nanent alpha activity can be attributed to product, and thus the
long-ternt contanination level ascertained.

VIII. COUCLUSIOIS

: work is in progress to obtain morc data on the special
erficiency of filter papers for this instruacnt, and the new,
fine-fiber paper is ordered. lleanwhile, the conclusions reached’
by other projccts making corprchensive study of Lfilter action
have been accepted in the dcvelopnent of "Sneezy".

As with any new instrument, "Sneczy" must be put into wvide-
spread service with a careful record kept of all operating con-
ditions so that corrections and improverients may be nade, before
forming a {inal estimate of its usefulness. _

A1l ercdit for the electronics and original integrating
chaziber design gocs to lr. Li. ltolloy, 1r. . lHinch and their
associates, while the filter paper efficiency and natural activity
study i1s being done by Ir. A. Plfanstiehl, all of the Instrument
Scetion at Chicago. Dr. J. J. lilckson of the icalth Group has
boen a close consultant, and credit is due lir. R. Patton of the
Chemistry Section for his early worl: and help on the filter paper
work. #he chenistry was donc by lir. Beard and lir. Britton.
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APPLIDIX.

vor uniformity, the calculations [or concentrations have
been reduced to alphas/sec/cc. Conversions to curies and to
mass of ,roanct may be made by rmultiplying by these factors
or their re._.rocal, which are equal to 1, according to the
proper cancellation of units:

1l curic
3.7 x 1010 alphas/sec

§
=t

1l &M oroduct - 1
2,3 x 109 alphas/sec
) product
(For 100, geometry, 10=6 m A =140,000 alphas/min = 2,300 alphas/
sec.) 5 nicrograms V 1is considered a tolerance "jifetine dose'.
product

Rreathing Rate.

Approxinate volume of air in alveoll pcr breath = 500 ce/breath.
At 18 breaths/minute =9 liters/uinute = 540 liters/hour =150 cc/
second. On a 48 hour per week basis, the approximate total volune
breathed over a two year perlod '

V=2.6 x 109 cc/2 yrs.

Long Terri Level

So, to get 5 micrograms in 2 years, the concentration would
be '

-6
2 yrs. X 5 x 107° on _ 2 x 10-15 g

2.6 x 109 cc 2 Yrs. ce

Assuning all dust reaching alveoll is absorbdd. This 1s a
very _enerous assumption. :

This reduces to
2 x 10=1%° 9fmn§t°,3 x 10° alphas éec -
&0 T oA .t:-fc)zmt/ =5 x 1070 alphgi/sec

This is about the same activity as that due to the natural
radon concentration. A questionable amount of radon is apparently
concentrated on the paper fibers or dust particles, but it is
short-lived. Other short-lived activity also riakes it necessary
to wait before counting the paper to determine this low lovel.
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High Level

If the concentration ets so high one could get 5 micro-
sraris in one=half hour, this calculation is made:

Total volure of air =190_CC ; 1800 sec = 2.7 x 10° co.

sec
-5 9 .
_x 10 55m atuse> % 10 alphas/sec = 0.05 alphas/sec/cc.
2 7 x 10° cc 1 g ooduct

"Sncezy" Thcory

The high level figure appeared rather too high for corfort,
8o "Sneczy" was calculated to be at lcast several tirics as scnsi-

tive.

wWith a voltage sensitivity of 0.5 volts and a 1011 omm
resistor, the necessary ion current is

I = 0.5 volts

1011l ohns

The approxinate number of ion pairs formed in the charber
per alpha particle =105 i.p. .

=5 x 10-12 ardperes

Then,
5 x 10-12 coulombs 1 i.p. x 1alpha _ . o alphas
sec 1.6 x 10‘19 coulomb 10° i.p. sec

Assuriing about 50;; loss and absorption in the filter paper
and a 25 geometry of the chamber, the required activity becomes

300
oIos = 2400 21%%%% for a full scale reading. The alarm can

be set to go off at I scale, so about 600 alphas .. rulated
activity is required. sec .

WWith the papers and punps in use at present, about 60 liters/
rminute of air is filtered, wiich is approximately 6 times the
normal respiration rate. This is 143 cc, so 1f the alarm goes
off in 1 minute, when 600 alphas/sec have accurmlated, the con-
centration was

600 alphas sec
phas/ = 0.01 alphas/sec/cc. in which onec right

10° cc/sec x GO sec
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get a "lifetine dose" by staying in the roon for 2;; hours. If
he left in one ninute, he would have jotten about 0.015 of a
"1ifetine dose,

I it toolzr an hour to accwwlate cnou lr to set off
the alarn, the concentration was

600 alphas/sec e 0.0002 alphas/sec/cc
10° ce/sec x 3600 sec

in which one night get a "lifetimne dosec" in 125 hours, or only
0.0031 of tais irf he left in onc ninute after hearing the alarn.
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